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Modulations of the Bcl-2/Bax Family Were Involved in the
Chemopreventive Effects of Licorice Root (Glycyrrhiza
uralensis Fisch) in MCF-7 Human Breast Cancer Cell

Eun-HYE Jo, HEE-Do Hong,# NAM-CHIK AHN,T J-WonN JuNg,T
SE-RAN YANG,T Joon-Suk Park,t Sung-HooN KiM,8 YoNG-SooN LEE,T AND
KYUNG-SUN KaNG* T

Laboratory of Stem Cell and Tumor Biology, Department of Veterinary Public Health,
College of Veterinary Medicine, Seoul National University, Seoul 151-742, Korea,
Korea Food Research Institute, Sungnam City, Korea, and Graduate School -ef\EsstMedical
Science, Kyunghee University, Yongin, Korea

Recently, cancer chemoprevention with strategies using foods and medicinal herbs has been regarded
as one of the most visible fields for cancer control. Genistein in soy, American ginseng, and resveratrol
are well-known to have antiproliferative properties in human breast cancer. Licorice root is a botanical,
a shrub native to southern Europe and Asia, which primarily has desirable qualities in sweetening
and herbal medicine. In this study, licorice (Glycyrrhiza uralensis Fisch) root also inhibits cell
proliferation in human breast cancer cell. The cell proliferation study demonstrated that licorice root
reduced the proliferation of MCF-7 cells in a dose- and time-dependent manner. The extracts were
fractionated in CHCI3;, EtOAc, CgH14, and CH3;OH—H,O (70:30), and these extracts of licorice root
(50 ng/mL) induced DNA fragmentation demonstrated by Hoechst 33258 staining. Apoptosis also
determined the sub-G1 accumulation by flow cytometry analysis. These results were consistent with
specific cleavage of PARP and antiapoptotic protein Bcl-2 and up-regulation of proapoptotic protein
Bax demonstrated by Western blotting. Our findings suggest that licorice root may have chemopre-
ventive effects against human breast cancer through the modulation of the expression of the Bcl-2/
Bax family of apoptotic regulatory factors.
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INTRODUCTION medicine, licorice root has been known to possess various
pharmaceutical functions, including detoxification, antiulcer,

Br ncer is the m mmon cancer (excluding non-___,.. . . . . . . |
.east cancer IS the most co on cance (excluding no antiinflammation, antiviral, antiatherogenic, and anticarcinogenic
malignant skin melanomas), the second leading cause of cancer

deaths among women, and the leading cause of death in womerilmt'v't'est @t).dln _adgfl_|t|ont, sol_ne_ cor;plone?tgt Of I|c<_)tr|ge root
ages 40—55 years; it is second only to lung cancer for overall emonstrated significant antimicrobial activity in vitra, @)

cancer-related deathg)( However, recently in the U.S.A., a and antioxidant activityq, 10). Chinese licorice is called kanzo,

large trial that demonstrated a reduction of approximately 509 nd northeastern Chinese licorice and ural liquorice dwell in
in the risk of developing breast cancer led to Food and Drug Northern China, Mongolia, and Siberia. A perennial glandular

women at increased risk2). The chemoprevention with —and echinate glandular hairs and leaves alternate fruit in a flat
tamoxifen or raloxifene and extracts of herbs or plants has oblong shape, and the root used in medicine is cylindrical,
received more attention for the treatment of breast cancer fibrous, flexible, furrowed, and light yellow inside. Previous
mortality (3—5). We can find many of these chemicals in studies have demonstrated that licorice root extract has multi-
oriental herbs or plants. The licorice root has long been potent biological effects. A water extract of licorice root was
employed in Western countries as a flavoring and sweeteningfound to inhibit angiogenesisll), and Licochalcone-A from
agent, as well as a demulcent and expectorant. In orientallicorice root has antitumor activity in vitro and in vivo in a
mouse skin papilloma model2). In another study, licorice

* To whom correspondence should be addressed. F82-2-880-1246. root (Glycyrrhiza glabra) has a biological activity capable of
Fa?éégﬁ'ﬁ%ga;?t%iigﬁ": kangpub@snu.ac.kr. Bcl-2 phosphorylation and G2/M cell cycle arrest in human
*Korea Food Research Inyétitute. breast cancer cell line, MCF-7.8), and induced apoptosis in

8 Kyunghee University. MCF-7 and HL-60 cell lines, as demonstrated by cleavage of
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PARP (14). This study is the first time to reveal that the root Iicorit_:e_ root (50ug/mL) for th_e ind_ica_ted times, then hqrvested by

of licorice, Glycyrrhiza uralensis Fisghhas chemopreventive  trypsinization, and washed twice with ice-cold PBS and fixed by 70%

effects in the breast cancer cell line. ethanol at-20 °C for at least 30 min. The fixed cells were then washed
In recent letters by Wand.) and Marian {6), the consump- twice with ice-cold PBS and stained with g@/mL of propidium iodide

. . : . in the presence of 50g/ml RNase A for 30 min. Cell cycle distribution
tion of whole fruits may provide the antioxidant balance needed was analyzed using FACS Calibur (Becton & Dickinson, U.S.A.). Data

FO quenc_h reaCt.lve oxygen species, which haye been ImpIICatecjfrom 10 000 cells per sample were collected and analyzed using the
in tumorigenesis. An EPIC-Norfolk prospective study showed - Fit cell analysis program.

an inverse relation between plasma vitamin C and mortality due  \estern Blot Analysis. MCF-7 cells were grown in a 10 cm dish,

to cancer {7). The diet of unbalanced single target agents may and when the cell density reached-8% confluence, cells were

be less advantageous than a diet of whole extracts, and then, itreated with extracts of licorice root (3@/mL) for the indicated times.

can permit reverse reaction as cell survival of the cancer cell. The cells were then washed once with ice-cold PBS and lysed with
Therefore, we designed a study to investigate the antitumor lysis buffer (20% SDS containing 2 mM phenymethylsulgony! fluoride,
effects of CHCY, EtOAc, GHi4, and CHOH—H,0 (70:30) 10 mM iodoacetoamide, 1 mM Ieupep_tin, 1 mM antipain, 0._1 mM
extracts of licorice root and elucidated the potential mechanisms S0dium orthovanadate, and 5 mM sodium fluoride) for-20 min.
using an in vitro system. We found that the extracts of licorice '€ lysates were sonicated three times at 10 s intervals, aliquoted, and
root were able to induce apoptosis in MCF-7 cells in a dose- stored at—20 °C. The protein concentration was determined by the

. . . . Bio-Rad DC protein assay (Bio-Rad Laboratories, U.S.A.). Equal
and time-dependent manner, which were possibly mediated j,ounts of protein (2@g/lane) were subjected to 12% SDBAGE

through cleavage of PARP, up-regulation of Bax, and cleavage anq transferred to nitrocellulose membranes. The membranes were

of Bcl-2. subsequently incubated with the corresponding primary antibodies, as
indicated: a mouse anti-PARP monoclonal antibody (Santa Cruz
MATERIALS AND METHODS Biotechnology, U.S.A.), a mouse anti-Bcl-2 monoclonal antibody

(Zymed Laboratories Inc., CA); and a rabbit anti-Bax antibody (Sigma).

purchased in the Kyungdong oriental medicine market, Seoul, Korea, Antibody recognition was detected with the respective secondary
The fresh roots of licorice (Glycyrrhiza uralensis Fisch) were washed, antibody, ether anti-mouse 1gG, or anti-rabbit IgG antibodies linked to

disintegrated, and extracted with CHEtOAC, GHu, CHsOH—H.0 horse_radlsh peroxidase (Zymed Laboratories In(_:.). AntlbOQy-bound
(70:30), CHCH,OH, CiHeOH, and HO for 24 h. The crude extracts proteins were detecte_d by the ECL wgst_ern blotting analysis system
obtained by subjecting into silica gel chromatography were then (Amersham Pharmacia Biotech U.K. Limited).

evaporated to dryness with a rotary evaporator. We selected ££HCI

EtOAc, GHis and CHOH—H,O (70:30) extracts of licorice root RESULTS

reducing MCF-7 cells used in this study.

Cell Culture and Treatment with Licorice Root. MCF-7 cells o .
(ATCC, U.S.A.) were cultured in D-media (EMEM containing a 50% MCF-7. To analyze the inhibition of trichloromethane, ethyl

increase of all essential amino acids except glutamine, a 50% increase2Cetate, 70% methanol, and hexane extracts of licorice root on
of all vitamins, and a 100% increase of all nonessential amino acids) the growth of MCF-7 cells, we measured DNA synthesis in the
supplemented with 10% FBS (fetal bovine serum; Gibco Laboratories, presence of licorice root. As shown iRigure 1, trichlo-
U.S.A.) and 3 mL/L PSN (penicillin/streptomycin/neomycin) antibiotic  romethane and ethyl acetate extracts of licorice root inhibited
mixture (Gibco). Exponentially growing cultures were maintained in a the proliferation of MCF-7 cells in a dose- and time-dependent
humidified atmosphere of 5% GGt 37 °C. The stock solutions of manner. After 72 h of treatment, the 5@/mL of trichlo-
licorice root (100 mg/mL) were dissolved in GBH,OH, and the  romethane extract nearly caused a 63% inhibition and the 50
experlmental concentrations were prepared in the basal medium with ug/mL of ethyl acetate extract nearly appeared an 83% inhibition
a final CHCH,0H concentration of 1%, of cell growth as compared with control. Also, 70% methanol

Cell Proliferation Assay. The protocol for the cell proliferation assay S S . .
was described previously (18). All compounds were then diluted with and hexane extracts of licorice root inhibited the proliferation

phenol red-free D-media supplemented with 5% dextran-coated charcoal-Of MCF-7 cells in a dose- and time-dependent mannéigare
stripped FBS (DCC-FBS; Hyclone, U.S.A.) and 3 mL/L PSN (Gibco). 1. After 72 h of treatment, at the same dose, this 70% methanol

The cells (5x 10 cells/mL) were plated in a six well culture plate (2~ extract caused nearly a 62% inhibition and the hexane extract
mL/well) in triplicate and allowed to attach for 24 h. The phenol red- appeared nearly an 80% inhibition of cell growth as compared
free D-media was replaced with D-media with 5% DCC-FBS followed with control. These results were used in all further experiments.
by incubation for 24 h, and then, the medium was removed and replaced  Extracts of Licorice Root Induced Apoptosis in MCF-7
by test medium containing the appropriate concentrations of compounds.ce|ls. To analyze the contribution of apoptosis to this process,
The cell was incubated for 3 days, and the test media were changed|_|oechSt 33258 staining was performed. When MCF-7 cells were
once. The cells were then washed three times with ;:)hosphate-bufferedtreated with 50ug/mL licorice root extracts for 48 h, cells
saline and lysed with 1 mL of 0.1 N NaOH. The lysates were transferred L . . .

exhibited typical morphological changes of apoptosis. As shown

into a 1.5 mL microcentrifuge tube and centrifuged for 2 min. The =" _ . . .
DNA content was determined by the method described previotgly ( N Figure 2, the test compound induced chromatin condensation

The ODssonm value of the clear lysate was measured with a spectro- and nuclear fragmentation (arrows). The cells shrank, turned
photometer (DU 650, Beckman, Fullerton, U.S.A.). All of the measure- around, and had a relatively smaller volume than control cells.
ments were performed in duplicate. Results are expressed as the Considering that licorice root decreased cell proliferation and
percentages of proliferation with respect to vehicle-treated cells. induced cell death, cell cycle analyses were performed with flow
Apoptosis Assay.The apoptotic effect of extracts of licorice root  cytometry. As shown ifFigure 3, cells accumulated in the sub-
on MCF-7 cells was analyzed by nuclear DNA staining and DNA g1 phase gradually from 24 to 72 h after treatment with the
fragmentation assay. For nuclear DNA staining, control and compound- test compound, whereas the number of cells in G1 phase
treated cells were fixed in 4% paraformaldehyde in PBS for 20 min, o 0reased in the same manner. All of the licorice root extracts

washed with PBS, stained with Hoechst 33258 agimL in PBS for . .
15 min. Stained cells were washed twice with PBS. The changes in were found to be effective on the apoptosis of MCF-7 cells.

nuclei were observed with a fluorescent microscope (Olympus, U.S.A.) _ Effects on PARP Expression and Cleavage in MCF-7
through a UV filter. Cells. To assess the role of PARP in this apoptotic process, the

Flow Cytometric Analysis of Apoptosis. MCF-7 cells in the expression of PARP was examined by western blot analysis.
exponential phase of growth were treated with all of the extracts of As shown inFigure 4, the 116Kq PARP was cleaved to its

Materials. Licorice roots from Kyungsan Province, Korea, were

Extracts of Licorice Root Decreased Cell Proliferation in
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E i treated with 50 ug/mL all extracts of licorice root. Nuclei were stained
; with Hoechst 33258 and examined by fluorescence microscopy. Normal
2 MCF-7 cells (A) and treated with CHCl; (B), EtOAc (C), CeHi4 (D), and
5 1 CH3;0H-H,0 (70:30) (E) extracts of licorice root for 48 h.
S oy L
—A—C H_, extract or synthetic chemicals. Further understanding of the effects of
—¥—70% CH OH extract . . g
P potential chemopreventive agents on specific components of the
0 10 20 s 40 &0 e 70 80 pathways that lead to apoptosis may provide a rational approach
hours after treatment to use such agents alone or in combination with other agents to
Figure 1. Inhibition of proliferation by licorice root. Cells were treated enhance apoptosis as a strategy for effective chemoprevention
with various concentrations of test compound for 72 h (A) and various of cancer (21). There are two main pathways leading to
times at 50 «g/mL licorice root extracts (B). Cell viability was determined apoptosis. The first of these depends on the participation of
by cell proliferation assay. Results are expressed as percentages of mitochondria and the second involved in the interaction of a
proliferation as compared with untreated control (mean + SD, n = 2). death receptor with its ligand. Pro- and antiapoptotic members
of the Bcl-2 family regulate the mitochondrial pathwe32j.
active 85Kq in MCF-7 cells treated with trichloromethane, ethyl In this study, using MCF-7 human breast cancer cell lines,

acetate, and hexane and 70% methanol extracts of licorice rootwe have shown the effect of licorice ro@lycyrrhiza uralensis
induced PARP degradation fragments in MCF7 cells. This result Fisch, on cell proliferation and on the induction of apoptosis in
showed that licorice root induced apoptosis, since treatment with@ cell specific manner. In these results, we have found that
licorice root resulted in cleavage of PARP, the substrate of CHCIs, EtOAc, GHi4, and CHOH—H,O (70:30) extracts of
several ICE-like proteases. licorice root decreased cell viability in MCF-7 in concentration-
Effects on Bcl-2/Bax ExpressionTo determine the effect ~ and time-dependent manners. We demonstrated that £HCI
of licorice root on apoptotic pathways, we evaluated transcrip- EtOAC, GHis, and CHOH—H,0 (70:30) extracts of licorice
tion factor Bcl-2 and Bax expression by western blot. As oot induced apoptosis through the cleavage of Bcl-2 protein
demonstrated ifFigure 4, licorice root caused Bcl-2 cleavage and Bax protein up-regulation. Cellular stress induced proapo-
in MCF-7 cells and the Bax protein level was increased 72 h Ptotic Bcl-2 family members to translocate from the cytosol to
after treatment. The 2B4 Bcl-2 was cleaved to its active 22  the mitochondria, where they induced the release of cytochrome
Kg in MCF-7 cells treated with licorice root. The results C: While the antiapoptotic Bcl-2 proteins worked to prevent
suggested that trichloromethane, ethyl acetate, hexane, and 709Yytochrome c release from mitochondria, and thereby preserved
methanol extracts of licorice root induced apoptosis in MCF-7 Cell survival @1). Especially, unlike Bcl-2, the cleaved Bcl-2
cells and might be mediated through the cleavage of Bcl-2 and fragment was no longer functional for dimerization with either

up-regulation of the Bax pathway. Bcl-2 or Bax (23). o
A recent study showed that alcohol extracts of licorice root

(Glycyrrhiza glabrg could inhibit cell growth and induce cell
cycle arrest at the transition G2/M phase in tumor cell lines
Apoptosis or programmed cell death is an essential physio- (22). However, we could not observe that the extracts of licorice
logical process that plays a critical role in development and root were capable of inducing cell cycle arrest in MCF-7 cells.
tissue homeostasis (20). The goal of cancer chemopreventionTo confirm this result, flow cytometric analysis was performed.
is to inhibit the induction and suppress the progression of All extracts of licorice root did not induce cell cycle arrest in
preneoplastic lesions to invasive cancer by using specific naturalany phase. However, in the sub-G1 population, the number of

DISCUSSION
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Figure 3. Detection of apoptotic cells by flow cytometry in MCF-7 cells treated with 50 xg/mL all extracts of licorice root.
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Figure 4. Effect of licorice root on expression of PARP, Bax, and Bcl-2
proteins. Cells were treated with 50 xg/mL extracts of licorice root. MCF-7
cells were treated with 50 ug/mL of CHCl; (A), EtOAc (B), CeHis (C),
and CH3;0H-H,0 (70:30) (D) extract of licorice root. Total cellular proteins
were prepared, and western blot was performed with an antibody specific
for corresponding proteins.

apoptotic cells increased significantly in MCF-7 cells treated
with licorice root. Accumulating with sub-G1 DNA content is
consistent with the result of the proliferation assay because
nonsub-G1 cells decreased in the way of viability treated with
licorice. In addition, a nuclear enzyme involved in DNA repair
and maintenance of genome integrity and posttranslational
ribosylation of proteins, whereby apoptosis occurs, PARP

cleaves several substrates. This occurred with cleavage of 116
Kq PARP to 85Ky proteolytic fragments in MCF-7 cells treated
with CHCl; and EtOAc extracts of licorice root. Also,s814

and CHOH—H,0 (70:30) extracts of licorice root just induced
PARP degradation fragments in MCF-7 cells. It appeared that
the pattern of PARP cleavage differed from that observed in
MCF-7 cells treated with CHGland EtOAc extracts of licorice
root and did not lead to a persistent fragment. It could be
hypothesized that PARP degradation continues after its first
cleavage.

In summary, CHG, EtOAc, GHis, and CHOH—H,0
(70:30) extracts of licorice root induce apoptosis through the
overexpression of Bax and the cleavage of Bcl-2 in human breast
cancer cells. It is concluded that the root of licoriGycyrrhiza
uralensis Fisch might be a good chemopreventive natural
product for human breast cancer.
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